The neutral component of a real pseudoscalar electroweak (EW) triplet can produce a diphoton excess at 750 GeV, if it is somewhat mixed with an EW singlet pseudoscalar. This triplet-singlet mixing allows for greater freedom in the diboson branching ratios than the singlet-only case, but it is still possible to probe the parameter space extensively with 300 fb −1 . The charged component of the triplet is pair-produced at the LHC, which results in a striking signal in the form of a pair of W γ resonances with an irreducible rate of 0.27 fb. Other signatures include multiboson final states from cascade decays of the triplet-singlet neutral states. A large class of composite models feature both EW singlet and triplet pseudo-Nambu Goldstone bosons in their spectrum, with the diboson couplings generated by axial anomalies.
If the source of this signal is a (pseudo)scalar, the simplest scenario is an electroweak (EW) singlet . In the presence of CP conservation, such an EW pseudoscalar singlet, η, may decay to diboson final states via the usual dimension-five field strength operators,
, without requiring additional sources of electroweak symmetry breaking (EWSB), and without mixing with the SM Higgs. Moreover, it may be produced abundantly by gluon fusion, viaηG µν G µν . The presence of such a pseudoscalar in Nature therefore can account for the diphoton excess, while remaining consistent with Higgs coupling measurements and electroweak precision observables.
In this work, we extend this scenario to include the next lowest SU (2) L electroweak representation with these properties: A pseudoscalar tripletΠ ∼ (π 0 ,π ± ) furnishing the doublet is responsible for the diphoton excess [6, 16, 20, 21, 23, 24] , as well as from left-right symmetric approaches to the diphoton excess [25] [26] [27] [28] [29] [30] or Georgi-Machacek models [31, 32] , in which an EW triplet acquires a vev, and from extensions of SU (2) L [33] [34] [35] .
The SM Higgs EWSB vev, v, inducesπ 0 -η mixing at O(v 2 ), opening up a sizable gluon fusion production channel for both neutral mass eigenstates in the triplet-singlet admixture.
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Compared to the pure singlet case, the triplet-singlet framework has two novel features.
First, this framework admits more flexible diboson branching ratio relations. We show these relations may nevertheless be conveniently parametrized on a compact two-dimensional space together with the current and projected LHC reach. Much of this parameter space can be probed with 300 fb −1 . Second, pair production of charged triplet states,→π ±π∓ or π ± π 0 , has a minimum rate from Drell-Yan processes that is fixed by SM EW couplings, and produces striking 4-boson signals. The phenomenology of pair production of a pure EW triplet decaying to dibosons at the LHC has been explored in Refs. [40, 41] with a focus on the (W γ)(γγ) channel. In the triplet-singlet framework this channel can be diluted by dijet decays of the neutral state, but the promising→π ±π∓ → (W γ)(W γ) channel has an irreducible rate of 0.27 fb.
We show in this paper that this EW triplet-singlet mixing scenario has a broad region of parameter space consistent with the claimed diphoton excess. It is viable if the two neutral mass eigenstates have a small mass splitting, such that they produce unresolved overlapping resonances that mimic a much broader resonance, or if they at least feature a mass splitting smaller than the W mass. Mass splittings larger than the W or Higgs mass open up an alternate possibility for diphoton resonance production from tree level cascade decays. However, this scenario is now in some tension with observed p T distributions and (b-)jet counts [42] .
A well-motivated class of theories that can exhibit a triplet-singlet spectrum of states are vector-like composite theories, in which the EW triplet and singlet are light pseudo-Nambu
Goldstone bosons (pNGBs) [43] [44] [45] , the hyper-pions of the new composite sector. These hyper-pions generically couple to SM gauge bosons through chiral anomalies. Such theories have been recently explored in detail in the context of a pure singlet pNGB producing the 750 GeV diphoton resonance [3, 11, 17, 18, 22, [46] [47] [48] [49] . We extend a benchmark model of this kind to include a Higgs portal coupling to the SM, which generically leads to the tripletsinglet effective theory. In addition, we describe models where the triplet-singlet effective theory is obtained with the Higgs itself part of the composite sector. Such models have also have been recently studied to explain the 750 GeV diphoton hints, but with a pure singlet state [14, 15, 50, 51] .
This paper is organized as follows. In Section II we describe the singlet-triplet effective without a large 't-Hooft coupling, that in turn requires the presence of a large number of flavors of exotic hypercharged states.
theory and discuss its generic constraints and signatures. Section III provides details on the phenomenology related to the diphoton excess for some benchmark models, followed by a detailed exploration of diboson branching ratio relations in Section IV. In Section V we describe possible composite pNGB UV completions.
II. FRAMEWORK AND GENERIC SIGNATURES

A. Gauge interactions
Retaining terms up to dimension-5, we consider a triplet-singlet model with gauge interactions of the form
Here the dual field strength X µν ≡ µνρσ X ρσ , f is the effective field theory scale, and c W ≡ cos(θ W ) and s W ≡ sin(θ W ) denote the cosine and sine of the Weinberg angle. The pseudoscalar and vector boson triplets are canonically normalized such that
The triplet mass term is (m
Π
/2)Tr{ΠΠ} with these conventions, and the couplings cΠ ,1,2,3 are normalized such that gauge couplings and anticipated loop factors are factored out. Without loss of generality, we take cΠ ≥ 0 as our sign convention. We assume the triplet-singlet sector is parity conserving, so that all couplings are real.
After EWSB, these gauge interactions become
in which 4) and as usual
For the triplet components, one finds the following corresponding partial widths . Fixing mπ 1 = 750 GeV (mπ 2 = 750 GeV), we show the allowed mπ 2 -sin ϕ (mπ 1 -sin ϕ) parameter space in Fig. 1 , applying the 2σ electroweak precision (EWPT) bound [52] [53] [54] , 19) corresponding to δρ 6 × 10 −4 . Also shown are contours of mπ± and λ, as determined by eq. (2.16).
As expected, we see in Fig. 1 that for small and large sin ϕ, the splitting m
may become arbitrarily large, but is bounded by EWPT constraints if the mixing is large. In the region allowed by EWPT we find roughly |λ| 2, consistent with perturbativity of the effective theory. In this region, theπ 1,2 splitting is at most 60 GeV in the maximally mixed case.
We also note that because λ only couples the Higgs to neutral states, the h → γγ/γZ rates are not directly modified at 1-loop; wave-function renormalization is typically the dominant 
(2.20) production mode therefore provides a robust test of the triplet-singlet framework.
The corresponding Drell-Yan pair production rates for the 13 TeV LHC are shown in Table I for the case whereπ 1 is close to a pure triplet, cos 2 ϕ 1. At present, the most sensitive probe forπ 1π ± pair production is the search for three photons [57] . This search has a reach of several fb, but is currently not optimized for the particular signature at hand.
A more optimal set of cuts was proposed in Refs. [40, 41] , and it should be possible to probe theπ 1π + → γγW γ mode with more data, provided thatπ 1 has a sufficiently large branching ratio to photons.
While theπ +π− → W + γW − γ rate is fixed by the SM electroweak couplings, and is therefore always undiluted, it is also experimentally more challenging because of the combinatorial background and the relatively small branching ratios of the leptonic modes. The search for W γ resonances [58] is a priori relevant for this scenario, but currently sets only constraints in the ∼ 10 fb regime and therefore will not be sensitive to this pair production signal for the projected LHC luminosities. With enough data it may nevertheless be possible to probe theπ +π− pair production via a dedicated analysis that makes use of the full structure of the event, for example by requiring two hard photons and at least one lepton.
Finally, neutral pair production may proceed via gluon fusion through the Higgs portal generated by the operators (2.9), with parton level cross-section single production occurs through photon fusion, see section III E.
III. DIBOSON PHENOMENOLOGY
We now proceed to examine the diboson signatures produced by eitherπ 1 orπ 2 or both.
This phenomenology is sensitive to various mass splitting thresholds and mixing regimes that we examine in turn. Throughout this analysis we apply a narrow width approximation to theπ 1,2 decay rates, and assume gluon fusion production, such that the pp →π 1,2 → V V For concreteness, in this section we consider two coupling benchmarks: If the splitting between both states is smaller than the experimental resolution of roughly 40 GeV, both diphoton resonancesπ 1,2 → γγ are misidentified as a single broad resonance.
(If a signal is observed in a higher mass resolution channel, e.g. ZZ → 4l, the presence of two resonances may nevertheless be resolved.) For such a small mass splitting, |λ| 1.3
regardless the value of sin ϕ, and we therefore do not need to restrict the range of the mixing angle. Assuming still ∆m
mπ 1,2 Γπ 1,2 , so that interference effects may be neglecteda safe assumption since from eqs (2.6), Γπ 1,2 10 MeV for either benchmark -the effective observed rate in γγ is then 4) and similarly for the other decay channels. In the approximation that mπ 1 mπ 2 , the effective diboson rates ratios
in which the branching ratios can be directly computed from eqs. (2.4)-(2.7) and (2.13).
In Fig. 2 we show the effective diphoton rate as a function of the mixing angle for the rate from one of the resonances drops well below the other -e.g. near sin ϕ 0.5 or sin ϕ −0.9 -the interpretation of the diphoton signal as a set of overlapping resonances forming a single, broad resonance is lost.
For benchmark B, the ratios (3.5) can be expressed explicitly,
and R eff gg
in which
Since C 1, the digluon rate is mostly flat, except for ϕ → 0 or ±π/2, and one finds in this flat region R eff gg /R eff γγ 76 for benchmark B. The effective diphoton rate itself For both our benchmarks in the regime mπ 2 < 800 GeV, the branching ratio for this process never exceeds 4 × 10 −4 , and we hereafter neglect this channel. Further for mπ 2 < 800 GeV, |λ| 1.7 sin 2ϕ, which is mildly large for maximal mixing, but still perturbative.
For benchmark A, we show in Fig. 3 the diphoton rate for bothπ 1 andπ 2 with mπ 2 = 800 GeV and f = 1 TeV. For negative values of sin ϕ the diphoton rate fromπ 2 exceeds the rate forπ 1 , which is heavily disfavored by the data. We therefore do not consider this region further. In Fig. 4 we show the rates of the remaining channels, normalized against theπ 1 diphoton rate, where we again vary f to keep Rπ 1 γγ = 5 fb fixed. For f < 400 GeV we expect it to be challenging to UV complete the effective theory with the composite theories that we consider in section V. This region is marked by the gray shading on Fig. 4 . The decay modes ofπ 1 are unconstrained, but one requires sin ϕ 0.1 in order to evade the bounds onπ 2 → γγ andπ 2 → W W . Table II . Vertical gray shading indicates f < 400 GeV.
For benchmark B in this regime, the decay ofπ 1 occurs purely through the cΠ or c 3
couplings. The decay rate ratios
and Rπ 12) and the diphoton rate itself Since we wish to avoid non-perturbative values for λ, eq. (2.16) restricts us to the cases for which ϕ is small, i.e.π 1 andπ 2 are close to pure states. This requires us to take sin ϕ 0.2.
The dominant production channel is then of the singlet-like state, which we identify as the heavierπ 2 , and the cascadeπ 2 →π ± W ∓ becomes relevant. Note that for sin ϕ 0.2, we have mπ± − mπ 1 5 GeV (see Fig. 1 ).
The first possibility is that theπ 1 is the 750 GeV state, while the gluon fusion production cross-section for the heavierπ 2 is much larger than forπ 1 . Since Brπ π ± W ∓ < 29 fb for mπ± = 755 GeV. To illustrate the strength of the constraints, we consider a mass benchmark point with mπ 1 = 750 GeV and mπ 2 = 850 GeV.
In the mixing regime of interest -sin ϕ 1 -the width ofπ 2 is dominated by the dijet mode, which means that the dependence of the partial width to gluons drops out from the rate, giving
To good approximation, the rate is therefore independent of c 1,2,3 , c Π and f . From eq. (3.14)
this bound can therefore be re-expressed as a constraint on sin ϕ, γγ ∼ 4700, which is in tension with current bounds [65] . In this latter case, we find the 750 GeV diphoton rate can be accommodated with f 400 GeV.
For benchmark A, a second possibility is that instead the singlet-likeπ 2 is the 750 GeV diphoton resonance, and theπ 1 is lighter than 670 GeV. In this case the diboson phenomenology is similar to that of the pure singlet case, which has been studied in detail elsewhere [5, 6, 8, 9, 11, 16, 19, 21, 23] can subsequently decay to a diphoton final state, this raises the interesting possibility that the observed signal originates dominantly from a cascade decay, rather than from directπ 1 production through gluon fusion.
The absence of significant p T in the diphoton resonance data [42] , however, suggests that theπ 2 mass must be nearby the kinematic threshold for this cascade decay, so that the h does not obtain a large transverse momentum. Further, production of a diphoton final state in association with a higgs also generically requires the presence of two b-jets. This is in tension with current jet counts for the diphoton data, disfavoring this method of producing the excess [42] . However, should associated b-jets be observed in future data, in Fig. 5 we show the effective diphoton cross-section obtained from this cascade decay at benchmark A, with mπ 2 = 900 GeV. For small values of f and small sin ϕ -equivalently small λ -the decaysπ 2 → gg can dominate over theπ 2 →π 1 h mode. For example, for f ∼ 1 -2 TeV, a ∼ 5 fb diphoton signal rate can be obtained with sin ϕ 0.01. Note that for these values of sin ϕ the rate for directπ 1 → γγ production is negligibly small (see Fig. 4 ) and the excess must therefore entirely come from the cascade decay. In this part of parameter space it is however possible have an O(1) fb rate forπ 2 → γγ. For larger values of sin ϕ, the decayŝ π 2 →π 1 h start to dominate overπ 2 → gg. For example, the signal can be fit with f ∼ 3 -5 TeV and sin ϕ 0.05. For even larger sin ϕ, the benchmark is in tension with W γ resonance constraints from theπ 2 →π ± W ∓ decay, as discussed in Section III C.
Again, for benchmark A there is another possibility that the resonance at 750 GeV is due to a mostly singletπ 2 , whileπ 1 is lighter than 625 GeV and sin ϕ remains small. If sin ϕ = 0, the cascade decay modesπ 2 → hπ 1 andπ 2 →π ± W ∓ can be present, withπ 1 and π ± subsequently decaying to pairs of electroweak gauge bosons, as discussed above. These provide unusual 3-boson final states W ± W ± γ/W ± W ± Z/hV V for the 750 GeV resonance, and the cascade production can exceed the Drell-Yan rates for π ± π ± and π ±π 1 production. Current constraints search on these tree-level decays require sin ϕ 10 −3 ; a dedicated resonant tri-boson search might increase the reach. If the singlet state is decoupled or absent altogether, the production of the triplet must be achieved entirely from electroweak processes, which are dominantly photon-photon fusion [36] [37] [38] [39] . This is in mild tension with 8 TeV LHC results, because the cross section only scales by a factor of three from 8 to 13 TeV, and requires a large partial width ∼ 50 MeV.
The 13 TeV γγ rate for the benchmark model in this scenario is
Hence one requires a 't-Hooft coupling cΠ ∼ 35, which is harder to achieve in simple UV completions, without requiring large numbers of flavors of exotic hypercharged states.
IV. BRANCHING RATIO RELATIONS
So far we have restricted ourselves to two benchmark examples with fixed anomaly coefficients, such that the branching ratios were only a function of sin ϕ. In general, however, the partial widths Γπ 1,2 V V , V V = γγ, ZZ, Zγ, W W , are generated by the three field strength operators (2.1), with three independent couplings cΠ, c 1 and c 2 , in addition to the mixing parameter sin ϕ. The pure triplet and pure singlet cases are generated by only one and two operators, respectively, which implies that the ratios of the partial widths live respectively in a zero and one dimensional parameter spaces. The mixed triplet-singlet framework, however, encodes both these pure regimes in its larger parameter space, and therefore admits a much greater flexibility of the relative diboson branching ratios.
For theπ 1 alone resolved as the 750 GeV resonance, theπ 1 branching ratio relations can be characterized in a two-dimensional parameter space. We show there are regions of parameter space in which no other 750 GeV diboson modes will be observed even with 3000 fb −1 at LHC13. However, the second neutral resonance will have complementary branching ratios to the 750 GeV state, and can generically also be discovered in diboson modes unless it has a very small singlet component. In the case thatπ 1,2 diphoton resonances are unresolved, the corresponding merged dibosons rates may also be described in a two-dimensional parameter space, giving different possibilities from a simple pure singlet or triplet.
A. Resolved resonances
If theπ 1 resonance can be resolved from theπ 2 , the production terms drop out from the ratio of rates, and we can write Rπ The radius r interpolates between the zero dimensional pure triplet parameter space (r = 0) and one-dimensional pure singlet parameter space (r = ∞). Let us now examine the prospects for testing or excluding the singlet, triplet and tripletsinglet frameworks at the LHC, using the two-parameter relations (4.3). Note that including measurements ofπ 2 decays would potentially allow us to probe the triplet-singlet framework more deeply than measurements ofπ 1 decays alone: In principle, including theπ 2 constraints allows direct measurement of tan ϕ, thus lifting the projection onto the r-ψ polar plane in eqs. (4.1). We consider here, however, the phenomenology of onlyπ 1 decays. This permits a simpler representation of the parameter space for the branching ratio relations, and also corresponds to a 'worst case' scenario, in which, for example, non-observation ofπ 2 modes occurs because of dilution by an invisibleπ 2 width. As such we consider the discussion and projected sensitivities presented in this section to be more conservative and model independent.
To visualize the constraints onπ 1 , we map the infinite r-ψ parameter space to a compact disk of radius π/2 under the conformal transformation r → tan −1 (r), as shown in Fig. 6 .
We emphasize that one may smoothly transition to pure singlet branching ratio relations in eqs. Table II . The benchmark models A and B from Sec. III are indicated with a grey line, parametrized by varying tan ϕ, and a grey cross respectively. To estimate the future sensitivity, we assume that ZZ, Zγ and W W are bounded rather than observed, and we scale the bounds in Table II 
B. Unresolved resonances
If theπ 1 andπ 2 resonances are unresolved, the relations (4.3) no longer apply, and the parameter space is in general three-dimensional. However, if we wish to fake a single, broad resonance, bothπ 1 andπ 2 should have a sufficiently large coupling to gluons, in order to ensure a large enough production cross-section. (Note that this is a necessary but not sufficient condition for the interpretation ofπ 1,2 decays as a single, broad diphoton resonance, since in certain mixing angle regimes one resonance may be suppressed by destructive interference (see Fig. 2) .) It is therefore a reasonable assumption that the total widths of both resonances are dominated by the dijet mode, so that Brπ
gg . The ratios 
V. COMPOSITE MODELS
Composite models motivate the presence of new light scalars, without introducing a new hierarchy problem. The pseudo-Nambu-Goldstone bosons (pNGBs) of dynamically broken chiral symmetries are particularly attractive candidates for the EW triplet and singlet pseudoscalars,Π andη, as they can naturally be separated from the scales of other new composite states, and a wide class of composite sectors contain both triplet and singlet pNGBs.
In this class of theories, charging hyperquarks (hereafter we identify states in the composite sector by their SM analogs, adding a 'hyper' prefix) under SM gauge groups, or more generally embedding SM gauge groups into the global symmetries of the composite sector, is the leading portal to the SM sector [43] [44] [45] . Dimension-five couplings of the pNGBs to SM gauge bosons are then generated by chiral anomalies. In the absence of mixing between the SM and composite fermions, the Higgs portal is the next leading coupling into the composite sector. In particular, the quartic operators (2.9), that mix an EW triplet and singlet pNGB, can be generated when the Higgs couples to the composite sector.
In the context of an SU (N c )-type confining theory, the effective field theory scale f encodes the chiral symmetry breaking scale Λ ∼ 4πf / √ N c , that corresponds to the mass scale of the other composite states in the spectrum. The chiral anomaly coefficients for such a theory determine the viable range of f to produce the observed signatures, as in Section III above. The most relevant heavy states for collider phenomenology are the hyper-ρ vector mesons, that mix with the SM gauge bosons and dominantly decay to the hyperpions [40, 43, 44] . We focus on on the case that f 500 GeV and N c ∼ 5, so that
TeV. In this case, the hyper-ρ's lead to at most an O(1) enhancement over the Drell-Yanπ ±π0 orπ ±π∓ pair production rates. However, the single-production rate ofπ 1,2 remains much larger than those of the pair production processes.
We first describe the model of Ref. [47] , which presents a simple hidden sector QCD-like theory containing both a singlet and triplet pNGB, without any couplings to the Higgs. This is a useful benchmark, as Ref. [47] has shown that the singlet can reproduce the diphoton anomaly and that the extra exotic states in the model can be made cosmologically safe and consistent with collider observations. We introduce here couplings of the composite sector to the Higgs, mixing the triplet and singlet and thereby significantly modifying the phenomenology of the theory. We then discuss some simple variations, the general conditions for a triplet to emerge from the compositeness sector, and some interesting new features in models where not only the triplet and singlet, but also Higgs itself emerges as a pNGB from the composite sector. Embedding the gauged SM into
and Ψ ∼ ( , 1, 2, −1/2) under SU (N c )× SM, and similarly forΨ. Under the decomposition of the pNGB adjoint, the condensate Ψ Ψ contains the triplet pseudoscalar pNGB, Π ∼ (1, 3, 0), while the singletη ∼ (1, 1, 0) comes from the non-anomalous singlet combination in Ψ Ψ and Ψ dΨd , i.e.η ∼ 3/5 Ψ dΨd /3 − Ψ Ψ /2 . This theory also contains colored pNGBs, a complex SU (3) c triplet χ ∼ (3, 2, 5/6) and an octet ψ ∼ (8, 1, 0). The phenomenology of these colored states has been discussed in Ref. [47] , and will be unchanged by the Higgs portal couplings that we will introduce (see also Ref. [70] for colored pNGBs in composite Higgs models).
The low energy theory is as described in Sec. II, with f the decay constant scale and the anomaly coefficients fixed as As in Ref. [47] , the pNGB masses are generated by both the gauging of the SM gauge group and explicit mass terms for the hyper-quarks,
This gives naïve dimensional analysis (NDA) estimates for the pNGB masses (2.10)
From eqs. (3.9) or (3.13), the diphoton rate can be fit for f ∼ TeV and N c 5. For triplet and singlet masses both near 750 GeV, the NDA estimates (5.3) suggest that the triplet mass can be primarily generated by the gauge contributions, while we are free to set M ∼ 0. In this limit, the colored partners have masses at m χ 1.0 TeV and m ψ 1.5 TeV, beyond current LHC bounds [47] . For larger scales f TeV, the radiative corrections ∼ g 2 2 must be smaller than the expected NDA size to obtain mΠ ∼ 750 GeV.
Besides the gauging of (subgroups of) SU (5) F , the lowest dimension portal between the SM and hypercolor sectors is through the dimension-five Higgs portal operators (cf.
The couplingλ breaks the custodial symmetry and will generate theπ 0 -η mixing. We can make an NDA estimate of the size of these operators compared to the effective operators (2.9)
in the low energy description, yielding λ ∼λΛ/Λ portal , λΠ ∼λ Λ/Λ portal , λη ∼λ ,d Λ/Λ portal .
If the hypercolor sector is asymptotically free, these operators are irrelevant in the UV theory, suggesting a UV completion at scale Λ portal . Perturbativity at Λ portal then requires 
It follows that the triplet and singlet pNGB masses correspondingly acquire mass contribu-
Requiring that (5.6) gives a contribution to the triplet mass smaller than the NDA IR gauge contribution of (5.3), we find Λ portal /Λ 4π/ √ λ, which is more stringent than the perturbativity constraint at Λ portal . We also require λΠ ,η 1, but these couplings were already not relevant for the phenomenology we have studied above.
An alternative to an asymptotically free hypercolor theory is a theory that remains near a strongly interacting fixed point above Λ with large anomalous dimensions for the fermion bilinears. The scale Λ portal can be pushed arbitrarily high as the scaling dimension of ΨΨ goes to 2, although a mechanism is still needed to cut off the contributions ∆M d, in this case (Ref. [47] discusses some of the other advantages of such a UV completion).
Apart from the Higgs portal (5.4), there are also generically higher dimension interactions with the SM, in particular the dimension-7 Yukawa portals of the form
where λ u is the usual SM Yukawa coupling: We assume the presence of a minimal flavor violation or flavor alignment mechanism, to avoid dangerous flavor violating effects. These operators may generate the dimension-5 operators λ u H †ΠQ L u R or λ uη HQ L u R and so on, in the low energy effective theory. Such operators are, however, heavily suppressed by 1/Λ 3 portal and NDA factors, producing negligible partial widths forπ 1 → tt or other fermionic decay modes, compared to the diboson partial widths generated by the chiral anomalies.
In addition to the renormalizable effective operators involving the pNGB fields, there will be contributions to the T-parameter from the heavy composite states at the scale Λ.
NDA estimates for their size give c T,U V ∼ λ 2 N c /Λ 2 , which is typically subdominant to the IR contribution calculable in the effective theory (2.18):
is not conserved in the hidden sector, a direct tree-level Higgs-triplet mixing operator is also generated ∼ λθ CP f (H †Π H). This is dangerous for electroweak precision, and requires When such a model contains fermionic top partners, as required for the partial compositeness mechanism that generates the large top Yukawa coupling, there are naturally singlet pNGBs with G G anomalies [73] . The triplet can mix with these states as described in the SO(4) × SO(4) model above.
An interesting alternative possibility for generating a coupling to gluons is that the triplets couple to the top quark axial currents, 8) so that gluon couplings are generated by top quark loops. The large branching ratio of π 0 L into top quarks makes it difficult for this state to be the diphoton resonance itself, but when the triplet also has large widths for tree-level cascade decays to a lighter 750 GeV state, this can lead to interesting phenomenology, as discussed in Sec. III D.
VI. CONCLUSIONS
If the recent hints of a 750 GeV diphoton resonance observed at the LHC are really the first signs of new physics, a detailed exploration will be possible with the full LHC luminosity. The simplest phenomenological possibility, a singlet scalar resonance, has a rather constrained set of observables , and it is therefore well-motivated to consider whether the resonance could arise from the neutral components of higher SU (2) L representations. In this work
we have studied the possibility that the new physics involves a pseudoscalar electroweak triplet, that mixes with a EW singlet after EWSB. Compared to a doublet, an EW triplet may decay to diboson final states already at the dimension-five level, without requiring additional sources of EWSB; mixing with the scalar opens up a gluon fusion production channel, leading to a much richer phenomenology near 750 GeV. Apart from the diphoton resonance itself, this includes altered diboson branching ratios, cascade decays, and DrellYan pair production of the charged states.
The triplet-singlet mixing framework can be viewed as a concrete completion of a theory , c 1 , c 2 , and c 3 ) . Our study of the diboson branching ratios in Sec. IV applies more generally to any such scenario where only these couplings are generated (although it does not apply if, e.g., the W The singlet and triplet pNGB can be the lightest states and most relevant for collider phenomenology, although these models may also predict heavier colored pNGBs and hyper-ρ vector mesons. We have studied in detail the phenomenology of one simple benchmark model for the composite sector, but a wide variety of possibilities exist.
In this general triplet-singlet framework, we find that a narrow diphoton signature may be generated from the lighter of the mixed triplet-singlet neutral states,π 1 . Observations consistent with a broader resonance can arise if two neutral mass eigenstates in the tripletsinglet admixture,π 1,2 , have a small mass splitting, such that they produce unresolved, overlapping resonances. In either case, the couplings to the SM gauge bosons cover a more general space of branching ratios to the diboson final states γγ, Zγ, ZZ, W W than is possible for a pure singlet or pure triplet. These relations may be conveniently parametrized on a compact two-dimensional space together with the current and projected LHC reach.
In both cases, with 300 fb −1 , LHC measurements in the other 750 GeV diboson channels can rule out the possibility of a pure triplet, and the pure singlet is excluded at 3000 fb −1 . [2] Search for new physics in high mass diphoton events in proton-proton collisions at √ s = 13
TeV , Tech. Rep. CMS-PAS-EXO-15-004 (CERN, Geneva, 2015).
